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CHARACTERIZATIOW OF THE WSCLES 
UITHIN THE BEEF FOREQUARTER 
1 1 
R. C. Johnson , C. M. Chenl T. S. Mu l l e r  
2 2 
W. J. C o s t e l l o  , J. R. Romans and K. U. Jones 3 
VZY 
CATTLE 87-16 
T h i r t y - f o u r  muscles/muscle groups, each g rea te r  than . I  kg, were d i ssec ted  from 16 fo requa r te rs  t o  e s t a b l i s h  
a da ta  base o f  i n d i v i d u a l  muscle y i e l d s ,  p a l a t a b i l i t y  p r o f i l e s  and chemical composit ion. Carcass da ta  f rom the  16 
s tee rs  revea led t h e  f o l l o w i n g  averages: carcass weight - 288.4 kg, y i e l d  grade - 3.2, and q u a l i t y  grade - Low 
choice.  I n d i v i d u a l  muscle y i e l d s ,  tenderness p r o f i l e s  and chemical analyses i n d i c a t e d  t h a t  the  muscles w i t h i n  t he  
fo requa r te r  a r e  ex t remely  va r i ab le .  However, severa l  o f  t he  l a rge r  muscles w i t h i n  t h e  fo requa r te r  possess 
tenderness p r o f i l e s  comparable t o  t h e  longissimus d o r s i ,  t h e  major muscle w i t h i n  r i b  steaks. Th i s  s tudy  suggests 
t h a t  maximum u t i l i z a t i o n  o f  t he  beef f o requa r te r  may best  be achieved when i n d i v i d u a l  muscles a r e  f a b r i c a t e d  and 
marketed accord ing t o  t h e i r  s i z e  and tenderness p o t e n t i a l .  
(Key Words: Beef, Forequarter,  Muscle, Tenderness, Composition.) 
I n t r o d u c t i o n  
The beef f o requa r te r  represents  approximately 52% o f  t he  t o t a l  carcass weight and i s  composed o f  t h e  p r ima l  
chuck and r i b  and t h e  rough b r i s k e t ,  p l a t e  and shank. T r a d i t i o n a l l y ,  an inequ iva lency i n  t he  market va lue e x i s t s  
between the  f o r e -  and h indqua r te r  a t  both t h e  packer and r e t a i l  l e v e l ,  p r i m a r i l y  due t o  t he  lower va lue  o f  t he  
beef chuck. M e r c h a n t a b i l i t y  o f  t he  beef fo requar ter ,  e s p e c i a l l y  t h e  chuck, has been depressed due t o  t he  h igh 
degree o f  v a r i a b i l i t y  i n  (1)  t h e  cu tou t  y i e l d  o f  t h e  f o requa r te r  and (2)  t h e  p a l a t a b i l i t y  c h a r a c t e r i s t i c s  o f  t he  
numerous muscles w i t h i n  t h e  fo requar ter .  
Considerable t ime, e f f o r t  and research has been expended i n  developing new approaches t o  merchandising chuck 
meat. Increased e f f i c i e n c i e s  i n  f a b r i c a t i o n  and hand l ing  o f  the  beef chuck have been obta ined by  subd i v i d ing  the  
chuck and removing a l l  bone and a Large percentage o f  t he  subcutaneous and in termuscu lar  f a t  b e f o r e  t h e  chuck 
en te rs  t h e  market ing  channels. At tempts t o  improve t h e  r e t a i  l a c c e p t a b i l i t y  o f  chuck meat (i .e., g r i nd ing ,  
t ende r i z i ng ,  r e s t r u c t u r i n g ,  precooking, etc.)  have had n e a r l y  imneasurable impact on i nc reas ing  t h e  va lue o f  t he  
chuck and fo requa r te r .  
Numerous s tud ies  have cha rac te r i zed  t h e  muscles t h a t  t r a d i t i o n a l l y  account f o r  a m a j o r i t y  o f  the  beef carcass 
va lue  due t o  t h e i r  s i z e  and p a l a t a b i l i t y  p r o f i l e s .  However, s i nce  these muscles a r e  p r i m a r i l y  l oca ted  i n  t he  
h indquar ter ,  minimal base l i ne  i n fo rma t i on  i s  a v a i l a b l e  on the m a j o r i t y  o f  the  muscles w i t h i n  t h e  fo requar ter .  
Th i s  lack  o f  i n fo rma t i on  has p laced a severe l i m i t a t i o n  on the  development o f  f a b r i c a t i o n  and processing 
techniques which would maximize the  economic p o t e n t i a l  o f  t he  beef fo requar ter .  Thus, t h i s  s tudy  was undertaken 
t o  cha rac te r i ze  each muscle w i t h i n  t he  beef f o requa r te r  i n  terms o f  phys i ca l  and chemical c h a r a c t e r i s t i c s .  
M a t e r i a l s  and Methods 
S i x teen  Angus s tee rs  o f  s i m i l a r  genet ic  and feed lo t  background (14-16 months o f  age) were s laughtered a t  t he  
South Dakota S t a t e  U n i v e r s i t y  Meat Laboratory.  A f t e r  a 48-hour c h i l l ,  grade da ta  were c o l l e c t e d  (USDA, 1975). 
The fo requa r te r  (Fa) f rom one s i d e  o f  each carcass was broken i n t o  a r i b / p l a t e  p o r t i o n  (R/P) and an arm chuck 
p o r t i o n  w i t h  t h e  b r i s k e t  a t tached (AC/B). The forequar ters  were broken i n  t o  o n l y  these two subpor t ions  t o  
minimize t h e  ex ten t  t o  which the  i n d i v i d u a l  muscles were subdivided. These carcass po r t i ons ,  exc lud ing  t h e  shank, 
'Graduate Ass is tants .  
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Johnsonv i l l e  Sausage Co., Sheboygan Fa l l s ,  UI.  
were d issected i n t o  34 i n d i v i d u a l  muscles/muscle groups, f a t  and bone. I n d i v i d u a l  weights were taken o f  a l l  
components o f  the carcass portions'. The shank muscles were removed and inc luded i n  miscel laneous t r im .  Table 1 
l i s t s  t he  34 muscles/muscle groups which were d issected from each forequar ter ,  the wholesale c u t  i n  which these 
muscles a re  found and the t h r e e - l e t t e r  code used t o  i d e n t i f y  each muscle. 
TABLE 1. MUSCLES OF THE BEEF FOREQUARTER 
Wholesale Muscle 
a 
Muscle cut code 
Anoconeus 
Biceps brachii 
Brachialis 
Brachiocephalicus 
Complexus 
Coracobrachialis 
Cutaneus omo-brachialis 
Deep pectoral 
Deltoideus 
Inf raspinatus 
Latissimus dorsi 
Longissimus costarum 
Longissimus dorsi 
Multifidus dgrsi 
Neck muscles 
Obliquus abdominis externus 
Rectus thoracis 
Rhomboideus 
Scalenus ventralis 
Serratus dorsalis 
Serratus ventralis 
Spinalis dorsi 
Splenius 
Sternocephalicus 
Subscapularis 
Superficial pectoral 
Suprasp inatus 
Tensor fasciae antibrachii 
Teres major 
Teres minor 
Trapezius 
Triceps brachii, lateral head 
Triceps brachii, long head 
Triceps brachii, medial head 
ACN 
BPB 
BCL 
BCC 
CPX 
CBC 
COB 
DPT 
DEL 
INF 
LTD 
LGC 
LGD 
MFD 
NKM 
OAE 
RTR 
RB D 
S cv 
SRD 
SRV 
S LD 
S LN 
SCP 
SCL 
S FP 
S PN 
TFA 
TRM 
TRN 
TRA 
TBT 
TBL 
TBM 
a B - brisket, C - chuck, P - plate and R = rib. 
Neck muscles consist of several muscles immediately adjacent to the 
cervical vertebra. 
Fol lowing muscle removal, i d e n t i f i c a t i o n  and weighing, heavy epimysium connect ive t i s s u e  ( s i l v e r  membrane) 
was removed from each muscle and r e l a t i v e  th ickness was measured w i t h  a micrometer. The remaining muscle t i s s u e  
was used f o r  o b j e c t i v e  tenderness eva lua t i on  (Warner-Bratzler shear) and chemical analyses (moisture,  f a t ,  
p ro te in ,  ash and co l lagen) .  The shank muscles were no t  inc luded i n  the chemical c h a r a c t e r i z a t i o n  analyses. 
Resul ts  and Discuss ion --
The means and ranges o f  the  carcass c h a r a c t e r i s t i c s  f o r  t he  16 Angus s tee rs  used i n  t h i s  s tudy  are  g i ven  i n  
t a b l e  2.  The average carcass i n  t h i s  s tudy was a USDA low choice, YG 3.2, s t e e r  carcass weighing 288.4 kg. 
TABLE 2. MEANS AND RANGES OF CARCASS CHARACTERISTICS 
Trait N Mean Minimum Maximum S E ~  
Carcass weight, kg 16 288.4 234.1 316.6 5.06 
Fat thickness. cm 16 1.17 .81 2.04 .08 
Rib eye area, sq cm 16 65.8 58.3 73.5 1.12 
Kidney, he t and pelvic fat, % % 16 2.2 1.5 3.0 .09 
Yield grade 16 3.2 2.6 4.3 .12 
Marbling score 16 Small 20 Slight 60 Modest 30 11 
a Standard error of the mean. 
Based on descriptions included in USDA (1975) beef grade standards. 
The percentage c o n t r i b u t i o n  made by  each i n d i v i d u a l  muscle t o  t he  lean p o r t i o n  o f  t h e  FQ, R/P and AC/B a re  
presented i n  t a b l e  3. Due t o  the  f a b r i c a t i o n  techniques u t i l i z e d  i n  t h i s  study, the  c o n t r i b u t i o n  t h a t  each muscle 
makes t o  t h e  lean p o r t i o n  o f  the  va r i ous  subpor t ions  o f  t h e  beef f o requa r te r  ( i . e .  r i b / p l a t e  and arm 
chuck/br isket )  i s  n o t  rep resen ta t i ve  o f  t r a d i t i o n a l  concepts. Therefore, cau t i on  i s  advised when i n t e r p r e t i n g  t h e  
data. 
The s e r r a t u s  v e n t r a l i s  (SRV) was t h e  l a rges t  muscle i n  the  f o requa r te r  ( t a b l e  3) and thus c o n t r i b u t e d  the  
g rea tes t  percentage t o  both  t h e  fo requa r te r  and t h e  arm chuck/br isket  lean. I f  t he  b r i s k e t  had been removed from 
the  arm chuck, i t  may be pos tu la ted  t h a t  t h e  SRV would have con t r i bu ted  an even g rea te r  percentage o f  t he  arm 
chuck lean s i n c e  a l a r g e  p o r t i o n  o f  t he  deep pec to ra l  (DPT) and s u p e r f i c i a l  p e c t o r a l  (SFP) would n o t  have been 
included. The t r i c e p s  b r a c h i i  complex (TBL, TBT and TBM), when pooled together,  account f o r  t he  greates t  
percentage o f  Lean w i t h i n  t he  arm chuck/br isket  (11.6%). 
The Largest muscle by  weight o f  t h e  r i b / p l a t e  p o r t i o n  was OAE, uh ich  i s  t he  ou te r  su r face  muscle o f  t h e  
p la te .  However, because o f  t he  Locat ion  and lack  o f  th ickness o f  t h i s  muscle, OAE does n o t  make an economical ly 
impor tant  c o n t r i b u t i o n  t o  t h i s  p o r t i o n  o f  t he  carcass. Thus, LCD and t h e  smal le r  muscles gene ra l l y  marketed w i t h  
i t  ( i .e. ,  SLD, LGC, MFD and CPX) account f o r  the  g rea tes t  percentage o f  t he  economic r e t u r n  t o  t he  r i b / p l a t e  
po r t i on .  
TABLE 3. RANK OF BEEF FOREQUARTER MUSCLES BY COMPOSITION OF THE LEAN 
WITHIN THE FOREQUARTER, RIB/PLATE AND ARPI CHUCKIBRISKET~ 
Forequarter Rib/Plate Arm Chuck/Brisket 
Rank Muscle % sEb Muscle % sEb Muscle % s E~ 
SRV 
DPT 
TBL 
LGD 
TRA 
OAE 
C PX 
LTD 
NKM 
INF 
S LD 
SFP 
S PN 
RBD 
BCC 
SCP 
SCL 
COB 
SLN 
TBT 
BPB 
TRM 
BCL 
LGC 
DEL 
MFD 
S cv 
TRN 
T FA 
CBC 
RTR 
SRD 
ACN 
TBM 
OAE 
LGD 
LTD 
S LD 
SRV 
COB 
DPT 
TRA 
LGC 
MFD 
RBD 
CPX 
SRD 
SRV 
DPT 
TBL 
C PX 
TRA 
NKM 
INF 
SFP 
SPN 
RBD 
BCC 
SCL 
SCP 
LTD 
SLN 
S LD 
TBT 
BPB 
BCL 
TRM 
LGD 
DEL 
S cv 
TRN 
COB 
T FA 
CBC 
MFD 
RTR 
ACN 
LGC 
S RD 
TBM 
a 
See table 1 for a listing of the muscle codes. 
Standard error of the mean. 
Warner-Bratzler shear values f o r  those muscles which were Large enough f o r  analysis are given i n  tab le  4. 
The four most tender muscles (LGD,  SLD,  I N F  and SRV) account f o r  j us t  over 25% of the Lean w i t h i n  the forequarter.  
Current ly,  LGD and SLD are the primary muscle components of subprimal r i b  cuts, i.e., r i b  eye r o l l s  and 
oven-prepared r i b s .  The other two muscles, I N F  and SRV, represent 17.4% of the arm chuck/brisket Lean. The 
remainder of the muscles have Less desirable shear values. A l t e r a t i o n  of the tenderness p r o f i l e  of these muscles 
by mechanical or enzymatic tender izat ion i s  h igh ly  recomnended. 
Rank Mus c 1 e WBS s E~ Rank Muscle WBS S E b 
LGD 
S LD 
INF 
S RV 
TBL 
CPX 
S PN 
TRM 
SFP 
BPB 
SCL 
RBD 
TBT 
LTD 
sm 
NKM 
BCL 
DEL 
TRA 
DPT 
SCP 
COB 
BCC 
a 
See table 1 for a listing of the muscle codes. Warner-Bratzler shear force 
(kg/1.3 cm core) was determined on muscle samples following removal of heavy 
epigysium connective tissue. 
Standard error of the mean. 
Table 5 presents the rank o f  muscles based on epimysium connective t issue thickness, moisture and f a t  
percentage and t o t a l  col lagen content. The epimysiwn connective t issue ranged i n  thickness from 16-.62 mn (SRD 
and I N F ,  respectively).  The thickness o f  the epirnysium appears t o  be re la ted  t o  the s ize o f  the muscle which i t  
encases and attaches t o  the skeleton o r  other muscles, and to  the funct ion o f  the muscle i n  r e l a t i o n  t o  movement 
o f  the animal. The va r i a t i on  i n  f a t  content o f  the muscles indicates that  some muscles possess inherent 
charac te r i s t i cs  which would make them very desirable f o r  Lou-fat products (i.e., Triceps b rach i i  complex and SPN). 
Corre lat ion coe f f i c i en t s  ind icated t o t a l  collagen content accounted f o r  Less than 10% of the va r i a t i on  i n  
Warner-Bratzler shear force and was therefore a poor predic tor  of tenderness. 
I n  conclusion, resu l ts  o f  the physical and chemical character izat ion analyses o f  the ind iv idua l  muscles 
w i t h i n  the forequarter ind icate that  some muscles would have a po ten t i a l l y  greater economic value i f  they were 
separated and used independently. Due to  t he i r  physical and chemical character is t ics,  SRV and I N F  from the beef 
chuck are su i tab le  f o r  steak production as ind iv idual  muscles. Simi lar ly ,  the t r i ceps  b rach i i  complex (TBL, TBT 
and TBM) and SPN would be desi rable material  f o r  roast production. 
TABLE 5 .  RANK OF BEEF FOREQUARTER MUSCLES BY EPIMYSIUM CONNECTIXE TISSUE 
THICKNESS, PERCENTAGE MOISTURE AND FAT AND TOTAL COLLAGEN 
Epimys ium M o i s t u r e  
-- 
F a t  T o t a l  c o l l a g e n  b 
Rank  M u s c l e  mm M u s c l e  % M u s c l e  % M u s c l e  mg/g 
SRD 
ACN 
COB 
TBM 
BCC 
S FP 
SLN 
TFA 
RBD 
S cv 
TRA 
LTD 
RTR 
SCP 
TBT 
CBC 
DPT 
LGC 
S PN 
DEL 
BPB 
C PX 
MFD 
TRM 
TRN 
BCL 
NKM 
SRV 
LG D 
0 AE 
SCL 
S LD 
TBL 
INF 
S LN 
TBT 
BPB 
BCL 
TRN 
S PN 
TBL 
TFA 
TRM 
BCC 
SCL 
DEL 
CBC 
CPX 
NKM 
DPT 
INF 
LTD 
TBM 
RTR 
LGD 
LGC 
ACN 
SCP 
RBD 
S cv 
S LD 
SRV 
S FP 
TRA 
S RD 
OAE 
MFD 
COB 
TBL 
SLN 
TBT 
T FA 
BCL 
S PN 
BPB 
TRN 
S CL 
TRM 
BCC 
DEL 
CBC 
LTD 
LGD 
DPT 
NKM 
C PX 
INF 
RTR 
TBM 
RBD 
LG C 
ACN 
SCP 
S cv 
S LD 
TRA 
SRV 
S FP 
SRD 
COB 
0 AE 
MFD 
LGD 
TRM 
TBL 
SRV 
SCL 
SRD 
RTR 
SLD 
T FA 
S cv 
CPX 
BCL 
INF 
SLN 
TBT 
DPT 
BPB 
S PN 
TBM 
OAE 
LGC 
LTD 
DEL 
ACN 
RBD 
TRN 
CBC 
SCP 
NKM 
BCC 
TRA 
MFD 
SPF 
COB 
a 
S e e  t a b l e  1 f o r  a l i s t i n g  o f  t h e  m u s c l e  c o d e s .  
C o l l a g e n  c o n t e n t  o f  t h e  m u s c l e  t i s s u e  e x c l u d i n g  h e a v y  e p i m y s i w n  t i s s u e ,  
mg c o l l a g e n / g  o f  m u s c l e  t i s s u e .  
